The study presents an evaluation of morphological and histometric parameters of the thyroid gland of slaughtered cattle (29 cows, 10 bulls, 7 heifers and 4 calves). The thyroid gland of bulls contained 34.7% of large follicles while their content in cows and heifers was 32.6% and only 19.2%, respectively. The average follicle length was 162.0±19.8 μm in bulls, 153.5±24.8 μm in cows and 122.4±10.1 μm in heifers. The highest thyreocytes were found in heifers and bulls (9.45±1.17 and 9.42±1.50 μm, respectively) and the lowest in cows (8.46±2.13 μm). A positive relationship was determined between the iodine content of the thyroid gland and the percentage of large follicles (r = 0.55) while the relationship between iodine content and thyreocyte height was negative (r = -0.21). In the thyroid gland of older cows medium and large follicles with low cubic to flat thyreocytes were dominant. Some follicles contained necrotic thyreocytes and the cytoplasm contained lipofuscin. The results suggest the influence of an increased iodine content in the thyroid gland on follicle size and thyreocyte height.
INTRODUCTION
The production of thyroid hormones, thyroxine (T4) and triiodothyronine (T3), is completely influenced by iodine intake. Optimum iodine saturation of humans and animals is a crucial problem, mainly in areas where its content in the soil is low (Vitti et al. 2001) . The prophylaxis of iodine deficiency is aimed at supplemental iodine intake (Kaufmann et al. 1998) . Disorders of the thyroid hormone production conditioned by disproportionate iodine intake are manifested by either hypothyreosis or hyperthyreosis. Worldwide hypothyreosis caused by direct or secondary iodine deficiency is among the most frequent disorders of thyroid activity. The high content of iodine in mineral supplements for dairy cows has recently been reflected in its pronounced increase in milk and dairy products (Kursa et al. 2004 , Herzig et al. 2005 , Trávníček et al. 2006 ) which pose risks, along with other iodine sources, of superfluous iodine intake also in humans (Zamrazil et al. 2007 ). The consequences of disproportionate iodine intake can be assessed from morphological parameters and the histological structure of the thyroid gland (Teng et al. 2009 ).
The thyroid gland of cattle is composed of two cone-like lobes connected via the isthmus in the region of the 2 nd tracheal ring (Černý 2002) . The weight of the thyroid in adult cattle is between 20 and 35 g (Marvan et al. 1992) , and between 15 and 65 g according to Čada (1998) or Kratochvíl (1998) . Weights around 12-34 grams are reported in calves and young cattle (Kratochvíl 1998) . The microscropic structure is composed mostly of spherical follicles that are lined by glandular epithelial cells (thyreocytes). The size and shape of the above-mentioned structures vary in dependence on the thyroid activity. According to Kratochvíl (1998) and Krabačová (2002) the average follicle size in cows is between 130 and 150 μm and the thyreocyte height is 7-11 μm. Where there is a goitre, a follicle size of 111-120 μm and thyreocyte height of 14-22 μm have been reported (Kratochvíl 1998) .
The objective of the present study is to evaluate the histometric parameters of the thyroid gland of slaughtered cattle and the influence of iodine content in the thyroid gland on the parameters studied.
Hypothesis: The amount of received iodine, which is the manifested concentration of iodine in the thyroid gland, is reflected in the structure of the thyroid gland of animals.
MATERIAL AND METHODS
Thyroid glands were collected from 29 cows, 10 bulls, 7 heifers and 4 calves. Table 1 shows the average live weight of these animals. The thyroid glands were acquired immediately after slaughter, they were weighed and their volume was determined in the cows and bulls. Samples for histometric and histological examination were taken from the central part of the right lobe of the thyroid gland, they were fixed in 10% buffered formalin and subsequently treated by a conventional paraffin method, stained with haematoxylin and aqueous eosin. To measure histometric parameters the Leica IM 500 Version 4.0.programme for image processing and evaluation, and the Leica DC 320 camera in combination with Leica DM 2500 microscope were used. A total of 60 follicles were examined in three fields of vision from different parts of the preparation. Follicle length, width and area were measured (Fig. 1) . The height of 20 thyreocytes was also measured in each field of vision. The examined follicles were divided into 3 size categories (Jelínek et al. 2003) and their percentages were expressed as: large (175.1-615.0 μm), medium (80.1-175.0 μm) and small follicles (15.0-80.0 μm). The iodine content in the thyroid gland was determined by a modified colorimetric method (Sandell and Kollthoff) after alkaline ashing of the material (Bednář et al. 1964) . All results are expressed as mean ± (SD). Significance was assessed by using the one way analysis of variance (ANOVA) and analysis of regression and correlation. All data were analyzed using Statistica CZ 7 software (StatSoft Inc.).
RESULTS AND DISCUSSION
The weight of the thyroid gland of slaughter cattle (Table 1) ranged from 16.4±4.2 g (calves) to 47.2±23.3 g (cows). The lowest individual weight was found out in a calf (10.5 g), the highest in a cow (122.8 g). The thyroid weight in cows was characterised by high variability (coefficient of variation 49.4%) that was related with differences in the live weight (406-801 kg) and age (from 27 to 126 months) of slaughtered cows. The relationship between thyroid weight and live weight of animals and their age was confirmed by correlation coefficients (Table 6 ). Average weights of the thyroid gland were in the range reported by Kratochvíl (1998) while maximum values in cows and bulls exceeded this range. The correlation between live weight and thyroid volume was high: in cows r = 0.99 and in bulls r = 0.92. Table 2 shows the percentages of thyroid follicles according to their size. The thyroid gland of bulls and cows contained the highest proportion of large follicles (34.7% and 32.6%, respectively) while heifers had the lowest proportion of these follicles (19.2%). In contrast, the percentage of small follicles was highest in heifers. The thyroid glands of the cows we examined contained 5% more large follicles than was reported by Jelínek et al. (2003) . The thyroid follicles of bulls showed the longest linear dimensions (length and width of follicles) and the largest area (Table 3 ).The follicles of heifers had the smallest dimensions. Compared to Kratochvíl's (1998) data the follicles of cows were longer by 10% and wider by 6%. Table 4 shows the average height of follicular cells (thyreocytes). The highest thyreocytes were measured in heifers and bulls (9.45±1.17 μm and 9.42±0.51 μm, respectively) and the lowest in cows (8.46±2.13 μm). Compared to data reported by Kratochvíl (1998) , the average height of thyreocytes we determined in cows and bulls was lower by 28.9% and 14.6%, respectively, but in heifers and calves it was larger by 18% and 8%, respectively. Jelínek et al. (2003) reported lower values of the height of follicular cells: 7.06 μm in the large follicles and 8.39 μm in the small ones. Consistently with the findings of Krabačová (2003) the thyreocyte height decreased in the order of large, medium and small follicles. The highest iodine content in the thyroid gland was found in cows and calves and the lowest in heifers (lower by 66%) (Table 5) . Positive correlation coefficients were calculated between iodine content in the thyroid gland and the percentage of large follicles (r = 0.52) and the follicle area (0.30). Negative correlation coefficients between iodine content in the thyroid gland and the percentage of small follicles (r = -0.52) and thyreocyte height (r = -0.21) were found. Iodine content in the thyroid gland can be considered as an indicator of its intake from feed (Teng et al. 2009 ).
The histological examination of thyroid glands in cows did not prove any serious pathological changes. In the thyroid glands of cows at 4-12 years of age, follicles of different size (small, medium and large or huge ones) were intermingled while medium and large follicles prevailed. The colloid was homogeneous, eosinophilic, and there were respiration vacuoles in solitary follicles. Thyreocytes in small and medium follicles were of cubic to high cubic shape, in large follicles they were of low cubic to flat shape. The cytoplasm was bright, dilated endoplasmic reticulum, in some thyreocytes there were deposits of yellow-brown pigment -susp. lipofuscin.
Necrotic thyreocytes were observed in some follicles. Small and very small follicles prevailed in the thyroid gland of cows at 2-3 years of age. The colloid was homogeneous, eosinophilic, and there were resorption vacuoles in a portion of follicles. In follicles of all sizes thyreocytes were of cubic, high cubic to cylindrical shape. Some follicles contained a higher or lower number of necrotic thyreocytes. A dilated endoplasmic reticulum was found in the cytoplasm, and there were colloid droplets in solitary thyreocytes.
The presence of lipofuscin in the thyroid gland is associated with age of the animal. Cubic and high cubic thyreocytes present in large follicles indicate an intensive metabolic activity similarly to the bright cytoplasm containing a dilated endoplasmic reticulum. A high metabolic activity is also proved by the presence of very small and small follicles. The finding of necrotic thyreocytes is difficult to interpret. Changes of this type are called 'idiopathic atrophy of follicles' in the literature. The loss of follicular epithelium and substitution of adipose tissue for follicles at a minimum inflammatory reaction are characteristic of idiopathic atrophy of follicles (La Perle 2003 , Capen 2007 . But in the thyroids examined, thyreocyte necrosis was not connected either with follicle deformation or with substitution of adipose tissue for follicles and no inflammatory cellulisation was present either.
In this study current data on histometric parameters of the thyroid gland of slaughter cattle were acquired. Differences were found in thyroid weight, thyroid volume, size of follicles and thyreocytes (follicular epithelium) in relation to the age, sex and live weight of slaughter cattle, and iodine content in the thyroid gland. In older cows large follicles with flat thyreocytes occurred more frequently. Some follicles contained necrotising thyreocytes. Compared to observations made by other authors in the same conditions 10 years ago differences were determined mainly in follicle sizes and height of the follicular epithelium.
